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Large Power Transformers and the U.S. Electric Grid

EXECUTIVE SUMMARY

This study updates the initial June 2012 study under the sameaiiigs Power Transformers

and the U.S. Electric Gridn this report the Office of Electricity Delivery and Energy

Reliability, U.S. Department of Energy (DO&3sessed th@rocurement and supply environment

of large power transformers (LBJT* LPTs have long been a concern for the ESctricity

Sector, becaustnefailure of a single unit can cause temporary service interruption and lead to
collateral damage, and it could be difficult to quickly replace it. Key industry sooaves

identified the limited availability o§pareLPTs as a potential issue for critical infrastiure

resilience in the United States, and both the public and private sectors have been undertaking a
variety of efforts to address this concern. Therefore, DOE examined the following topics in this
report: characteristics and procurement of LPTs, inctuley raw materials and transportation;
historical trends and future demands; global and domestic LPT suppliers; potential issues in the
global sourcing of LPTs; arassessment dfierisks facing LPTs

LPTs are custondesigned equipment that ensalsignificant capital expenditure and a long

lead time due to an intricate procurement and manufacturing process. Although prices vary by
manufacturer and by size, an LPT can cost millions of dollars and weigh between approximately
100 and 400 tons (or betem 200,000 and 800,000 pound&)e pocurement and

manufacturing of LPTs is a complex process itheludes prequalification of manufacturers, a
competitive bidding process, the purchase of raw materials, and special modes of transportation
due to its sie and weight. The result is the possibilityaofextended lead time that could stretch
beyond 20 months if the manufacturer has difficulty obtaining certain key parts or materials.
Two raw material® copper and electrical stéebhccount for more thamalf of the total cost of

an LPT.Special gradelectrical steel is used for the core of a power transformer and is critical to
the efficiency and performance of the equipment; copper is used for the windings. In recent
years, the price volatility of these tworamodities in the global market has affected the
manufacturing condition and procurement strategy for LPTs.

The rising global demand for copper and electrical steel can be partially attributed to the

increased power and transmission infrastructure invagtim growing economieas well as the
replacement market for aging infrastructure in developed countries. The United States is one of
the worldés | argest markets for power transfo
and this installed bass aging. The average age of installed LPTs in the United States is
approximately 38 to 40 years, with 70 percent of LPTs being 25 years or older. While the life
expectancy of a power transformer varies depending on how it is used, aging power traasforme
arepotentiallysubject to an increased risk of failure.

Since the | ate 19906s, the United States has
however, despite the growing need, the United States has a limited domestic capacity to produce
LPTs. In 20D, six power transformer manufacturing facilities existed in the United States, and

together, they met approximately 15 percent o
capacity rating greater than or equal tan€gavoltamperesNIVA). Althoughthe exact
statistics are unavailable, global power tran

! Throughout this report, the term large power transformer (LPT) is broadly used to describe a power transformer
with a maximum capacity rating greateanor equal to 100 MVA unless otherwise noted.
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reliance on foreign manufacturers was even greater for extravbigtge (EHV) power
transformers with a maximum voltage rating greater than al équ45kilovolts (kV).

However, tle domestic production capacityld®Ts in the United States has seen some

improvements. Since April 2010, four new or expanded facilities have begun producing LPTs in

the United States, including f a cfest WS tansformer planwhich beganproductionin

Rincon, Georgigg n Apri |l 2010; Hyundai Heavy I ndustrie
was inaugurated in Montgomery, AlabarmaNovember 2011SP X Tr ansf or mer Sol
facility in Waukesha, Wisconsin, wdih completed expansion in April 2012;nd Mi t subi shi
new power transformer plant in Memphis, Tennessee, which became operational in April 2013.

The upward trend of transmission infrastructure investment in the United States since the late
1990s is onef the key drivers for the recent addition of domestic manufacturing capacity for
power transformerg?ower transformers are globatiyaded equipment, and the demand for this
machinery is forecasted to continue to grow at a compound annual growthtratepércento
seven percent in the United States according to industry sources. In additiemézd fothe
replacement ofiging infrastructure, the United States A@emandor transmission expansion
and upgrades to accommodate new generationeotions and maintain electric reliability.

While global procurement hagéna common practice for many utilities to meet their growing
need for LPTs, there are several challenges associated with it. Such challenges include: the
potential foranextendedead time due to unexpected global events or difficulty in
transportation; the fluctuation of currency exchange rates and material prices; and cultural
differences and communication barriers. The utility industry is also facing the challenge of
maintainirg anexperienced irhouse workforce that is able to address procurearaht
maintenance issues.

The U.S. electricpowagridi s one of t he -liNedundtiansodvehichcnmanyt i ¢ a | [
other critical infrastructure depend, and the destruction gfinfriastructure cahavea
significant impacbn national security and the U.S. economy. €lextic powerinfrastructure
faces a wide variety gdfossiblethreats, including natural, physical, cyber, and space weather.
While the potential effect dhesethreats ortheinfrastructurds uncertain, public and private
stakeholder# the energy industry are considerigagd developing variety ofrisk management
strategies to mitigatéhe effectsThis DOE report updates tipeior 2012 study anéhcludes tle
following additional discussian

1 Updated information about global electrical steel supply conditions;

1 Theincreased domestic production of LPEsulting from four new or expanded plants;

1 Thehistoricalassessment of risks pmwer transformers by ansurance firmand

1 Newgovernment and industefforts to augment risk management options for critical

electricity infrastructure, including power transformers.

Through these and the assessment of the manufacturing and supply isse@reRits,this

reportprovides informationtohefphe i ndustr yds c ocnticalemargyus ef for
infrastructure resilience in todayés compl ex,
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1. INTRODUCTION

1.1 The Focusof the Study
Il n todayo6s dygobahecanpmies, uriderstaading rmaekdt characteristics and
securing the supply basis of critical equipment, such as large power transformers*(LPTs),
becomes increasing imperative for maintaining the resilience of the Electricity $&dter.
purpose ofltis report is to provide information to decisiorakers in both public and private

sectors about t he c-manufdacturgddiBTs and poierdtial supply ssuesf or e i

The Office of Electricity Delivery and Energy Reliability,
U.S. Department of EnerdfpOE), aspart of itsongoing Paths Forward
_efforts to enhanc_e t he rel sRefine our und:
infrastructureassessed the manufacturing and supply s a e seseeEEe it
conditions of LPTs in this repottPower transformeisave || the global supply chain through

long been a conceffor the U.S Electridty Sector® The updated assessmg
failure of asingle unit ould result intemporaryservice .

interruption anctonsiderable revenuess, as well as incur|| = o haional Strategy for
Interrup ’ Global Supply Chain Security,
replacemenand other collateral costShould several of The White House, 2012

these units fail at the same time, it will be challenging to
quickly replace them.

LPTs ae speciabrdered machineries that require higbkjiled workforces and stats-the-art
manufacturing equipment affakilities. The nstallation of LPTs entails not only significant
captal expenditures but also a long lead time duthéantricate manfacturing processes,
includingthe securingof raw materials. As a result, asset owners and operators invest
considerable resources to monitor and maintain LPTs, as failure to replace agsapukT

2 Throughout this report, the term large power transésr(hPT) is broadly used to describe a power transformer
with a maximum capacity rating of 100 MVA or higher, unless otherwise noted. See Section 1.3, Scope and

e Nat.

Definition of Large Power Transformers, for discussions eeltt the inconsistenciesinthed ust r yo of def i ni t

LPTs, and see Section 2.2, Physical Characteristics of Large Power Transformers, for key physical attributes of
LPTs.

% In this report, the Electricity Sector refers to the electricity industry as described ROHBEnergySector

Specific Plan (SSP). The Energy Sector, as delineated by Homeland Security Presidential Directive 77}(1SPD
includes the production, refining, storage, and distribution of oil, gas, and electric power, except for hydroelectric
and commercial nuebr power facilities. The Energy Sector is not monoljtihicontains many interrelated

industries that support the exploration, production, transportation, and delivery of fuels and electricity to the U.S.
economy. See the 2010 Energy SSP,

http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Energy SSP_2(q&a0qedised\pril 7, 2014).

* The Presidential Policy DirectideCritical Infrastructure Securitgnd Resilience (PRR1) aims to advance a
national unity of efforts to strengthen and maintain secure, functioning, and resilient critical infrastfuatsoe.
identified the Nationébés 16 critical ebporkiblefa tarryingaduu r e
the policy for each sector. DOE is the Se@pecific Agencythat isresponsible for the coordination of critical
infrastructure protection activities for the Energy Sector.tBetull text of PPD21 at
http://www.whitehouse.gov/thpressoffice/2013/02/12/presidentigolicy-directivecritical-infrastructuresecurity
andresil (accesse January 4, 200.

® Such concern was raised in a June 1990 Congressional Report. See U.S. Congress, Office of Technology
Assessment, Physical Vulnerability of Electric System to Natural Disasters and Sabotage;453AWashington,

DC: U.S. Governmentrinting Office, June 1990).
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present potential concernscludingincreasednaintanance costquipment failuresnd
unexpected power failuseTherefore, thiseport examines the following:

1 Classificationandphysical characteristias LPTS

1 Power transformgprocurement and manufacturing processes;

1 Supplysourcesand price variallity of two raw commoditied copper anclectrical
steel;
Global and domestipower transformemarketand manufacturingonditions;
Key global suppliers of LPTs to the United States;
Potential challenges in the global sourcing of power transformers; and
Assessment of potential risks and threats to power trans®rmer

= =4 =4 -4

1.2 Background
As applied to infrastructure, the concept of resilience embdithesability to adapt to changing
conditions and prepare for, withstand, and rapidly recover from disrufime resilience
strategyis a cornerstone of tHg.S. national policy as adopted in tB813 NIPP: Partnering for
Critical Infrastructure Security and Resiliendbe 2012National Strategy for Global Supply
Chain Securityandthe 2010Energy SectoSpedic Plan.’ Broadlydefinedas the ability to
withstand and recover from adversity, resiliencal$® increasingly applied to brosethnical
systems and social context.

The Electricity &ctor ha long embraced resilience as
part ofcontinuity of operationplanning, risk Challenges and Opportunities
managemengnd systms reliability. These practices In Increasing Resilience
have _beer_1 so well _mgramemlthe operton of the AThe | i mit eotsparal a
elt_actrlc gno! that uyllty owners and gperators often do 1| extra-high-voltage transformers in
think of their practices a¥esilience “GAlthough crisis situations presents potential
reliability and redundancy are built into the system, theff supply chain vul
electricity industry identified that the limited domestic i

. . . A Framework for Establishing
manufacturing capacity of hlgboltage power Critical Infrastructure Resilience
transformers could presenpatental suppy issuein the Goals, National Infrastructure
event that many LPTs failed simultaneously PR Canie), 2000

® AiThe National Security StrategyThe White House, May 2010,
http://www.whitehouse.gov/sites/default/files/rss_viewerbrel_security strategy.pdccessed December 15,
2013).
" See th@2013 NIPP: Partnering for Critical Infrastructure Security and Resili@tts, Department of Homeland
Security (DHS),
http://www.dhs.gov/sites/default/files/publications/NIPP%202013 Partnering%20for%20Critical%20Infrastructure
%20Security%20and%20Resilience_508_0.pNfiiond Strategy for Global Supply Chain Securiti,he White
House, January 25, 2012,
http://www.whitehouse.gov/sites/default/files/nationalatggy for global supply chain_security.p2®10 Energy
SSPhttp://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Energy SSP_20(dl pdicessed March,
2014).
%A Framework for Establishing Critical I nfrastructure
Council, October 16, 2010itp://www.dhs.gov/xlibrary/assets/niac/niadrameworkfor-establishinecritical-
ignfrastructureresiIienceqoalsZOlOlO—lg.pdf(accessed December 8, 2013).

Ibid.
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This concerrwas brought to light in the Electricity

Sect o r-npactHdawgrhquency (HILF) Risk | Multi-Element Approach to Address
Severe Risk Impacts

Workshopin November 200@ind in a subsequent
report entitledHigh Impact, Low Frequency Event| s pr eventi on: Wor k

Risk to the North American Bulk Power Sysiem vendors and suppliers to enhance

the following year® Co-sponsored by DOE and the]| identification of vulnerabilities,

North American Electrical Reliability Corporation || Protections, and recoverability . 0

(NERC), the HILF Risk Workshop examin_ed S Reeoven vl Weardiy @
seleceds ever e i mpact r i sKS| povidehumanand material resources, el
grid. The workshop considered four risk scenarios]| with particular attention on equipment
concerninghe Electricity Sectqgiincluding asevere ||t hat may not be rea
geomagnetic disturbance (GMD) _el_ectromagnetlc _ Critical Infrastructure Strategic
pulse(EMP) eventhat damaged difficult-to- Roadmap, NERC, 2010

replace generating station and substation equipmé
causng a cascading effect on the system

In November 2010, NERC releakte Critical Infrastructure Strategic Roadmapprovide a
frameworkon howto addressome of theseverampact risks identified in the HILF repatt.

The Roadmap providetecommendationsn howto enhance electricity reliability and resilience
from an althazards pepective andsuggestedlirection for theElectricity Secta. Specifically,
theRoadmapmdvisedElectricity Sector entitiego consider dull spectrum of risk management
elements to address sevarpact risk§ planning, prevention, mitigation, and recovérn
accordance with the Roadmap, btitapublic and private sectors of the Electricity Sector have
undertaken a variety of activities that consider these risk management elements, including the
recent development of the NERC Reliability Standards teptdhe bulk power system from the
effects of GMD.

This DOE reportsupplements h e s @ngoingresifieaceefforts specificallythe prevention
and recovery elementifyroughan examination of theupply chairof LPTs

1.3 Scope and Definition of LargePower Transformers
Throughout this report, the term LR broadly used to descrilagpower transformer wita
maximum nameplate rating of 1@@egavoltamperes (MVA or higher unless otherwise noted
However, it should be noted that there is no singlsglaibe industry definition or criterion for
what constitutes an LPT and that additional specifications are often used to describe different
classes of LPTs.

The size of powertransformer is determined by the primary (input) voltage, the secondary
(output) voltage, and the load capacity swead by MVA. Of the threehe capacity rating, or
theamount of power that can be transferiistbften the key parametether than the voltadé.

1% AHigh-Impact, LowFrequency Event Risk to theokth American Bulk Power Systed®ERC, June 2010,
http://www.nerc.com/pa/Cl/Resources/Documents/HILF_Report(pd€éessed March 26, 2014).

M Critical Infrastructure StrategiRoadmap) Electricity Subsector Coordinating Council, Noveeh2010.

2 The Electricity Subsector Coordinating Council represent&leéetricity Sector as described in the Energy Sector
Specific Plan, which includes bulk power system entities definecebtjdd 215 of the Federal Power Act.
B“ABenefits of Using Mobile Transformers and Mobil e
report to the United States Congress pursuant to Section 1816 of the Energy Policy Act of 2005&/tBedef
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In addition to the capacity ratingplage ratings are oftamsed to describe different classes of

power transformers, such agrm high voltage(EHV), 345 to 76%kilovolts (kV); high voltage,

115 to 230 K; medium voltage, 34.5 to 115 k¥nd distribution voltage, 2.5 to 35 KV/A

power transformer with a capacigting greater than or equal to 100 MVA typically has a

voltage rating of greater than or equal to 115 kV on the high side; therefore, an LPT with a
capacity rating of 100 MVA or greater can have a transmission voltage class of medium, high, or
extra high(greater than or equal to115 kV).

There are considerable differences in the definitions used to describe an LPT, including the
transmission voltage classifications shown in Table 1. This report derived the criterion of an LPT
from the following sources:

1 Ina2006 DOE study entitleBenefits  Tapje1. Transmissioivoltage Classes

of Using Mobile Transformers and :
Mobile Substations for Rapidly . Class __Voltage Ratings (kV)

Restoring Electrical ServicePTs Medium Voltage 34.5, 46, 69, 115/138
were descr-poverd as High Voltage 115/138, 161, 230
transformers . . . with a rating over 10 | Extra High Voltage | 345, 500, 765
MV A o Source: DOE, 2006; setrfote 3 Modified based on industry
1 A 2011lreport from arantidumping review
investigation by the United States
Il nternational Trade Commission (USITC) est

power transformers having a top power handling capacity greater than or equal to 60,000
kilovolt amperes (60 megavolt ampsgyewhether assembled or unassembled, complete

or incd®mplete. o
1 The 201171 NERC Spare Equipment Database Task Force Report defined LPTs as
follows:

o Transmission Transformer§he low voltage side is rated 100 kV or higher and
the maximum nameplate ratinglie0 MVA or higher.

o Generation Stepp TransformersThe hgh voltage side is 100 kV or higher and
the maximum nameplate rating is 75 MVA or higher.

Energy, August 2006,

http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/MTS_Report to_Congress_FINAL _73106.pdf
(accessed March6, 2014).

*bid. This study does not consider distribution transformers in the assesbewnts¢he United States maintains
domestic manufacturing capacity and backup supplies of distribution transformers. Moreover, a localized power
outage athedistribution level does not present significant reliability threats, and utilities often maintain spare
transformer equipment of this size range.

15 bid.

®ALarge Power Transformers from Korea, o U.S. Internati
September 201 http://www.usitc.gov/publications/701_731/Pub4256 .(atfcessed December 11, 2013).

" ASpecial Report: Spare Equipment Database SystéeNorth American Electric Relidity Corporation,

October 2011http://www.nerc.com/docs/pc/sedtf/[SEDTE Special Report October 201aquéissed November
22,2013).
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2. POWER TRANSFORMER CLASSIFICATION

2.1 Power Transformers in the Electric Grid
Nor t h A slectriditycirdrasrsicture representrore than $1 trilliorJ.S. dollardn asset
valueand is one of the most advanced and reliable systems in the world.SHmilk grid
consists of approximately 390,000 miles of transmission lines, including more than 200,000
miles ofhigh-voltage lines, connecting tnore thar6,000 power plant¥ Power transformers
are a critical component of the transmission system, becausadjusy theelectricvoltage to a
suitable level on each segmentliog power transmission from generatitinthe enduser.In
other words, a power transformées up thevoltage at generation for efficient, loimgul
transmissiorof electricityandsteps itdownfor distribution to the level used by custométs
Power tansformers aralsoneeded at evenyoint where there is a change in voltage in power
transmission to step the voltage either up or ddwgure lillustrates a simplified arrangement
of theU.S. electric grid system.

Figurel. ElectriclPowelGrid Representatio

Blue Transmission
Green Distribution Subtransmission
Black Generation """%% | Customer

Transmission Lines
() Transformers [
115/138, 230, 345, 500, and 765KV 26 kVand69 kV

/ > ‘
T Pri
. rimary
Substation ai Customer
Step-Down

ad

-
52

13kVand4 kv
Transformer
- 1 Secondary
Generating Transmission .8 @ || Customer
Station Generator Customer EI[19)] 120V and240V
Step-Up 138KV and 230 kV
Transformer
Source: DOE, 208ée footnote Modified based on industry review
2.2 Physical Characteristics of Large Power Transformers
An LPT is a largecustombuilt pieceof equipment that is a critical componefithe bulk
transmission gridBecause LPTs angery expensiveandai | ored t o customer so

they areusually neither interchangeable with each other nor produceextensive spare
inventoies®® According to an industry source, approximately 1.3 transformers are prdouced
each transformer desighigure 2 illustrates a standard cdype LPT and its major internal
components

Although LPTs come in a wide variety of sizes and configurations, they consist of two main
active partsthe ore which ismade otigh-permeabity, grainoriented, silicon electrical steel,

18 2013NERC Electricity Supply 8Demand Databashttp://www.nerc.com/pa/RAPA/ESD/Pages/default.aspx

(accessed March 26, 2014).

9 Electricity is generally produced at 5 to 34.5 kV and distributed at 15 to 34.5 kV, but transmitted at 115 to 765 kV

for economical, lowloss, longdistance transmission on the grid.

®HlLarge Power Transformers fronemeo208la, 6 USI TC, Publicat
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layered in piecesand wndings which aremade of copper conductors wound around the co
providing electrical input andubput. Two basic configurations of core and windings eéxigte
core form and the sfi form. In the usual shelype powertransformer, both primg and
secondaryvindingsare on one legnd are surrounded by the conhereas in aoretype power
transformey cylindrical windings covethe core legsShellform LPTs typically use more
electrical steel for the core and are more resilient to stiatits in the transmission systems
and are frequently used in industrial applicati@riBhe core and windings are contained in a

re,

rectangularmechanical frame al | e d ot hCGet hietra npka.r t swhichnconnactd e b u s h i
LPTs to transmission lines, as well as tap changers, power cable connectopergssd relays,

thermometers, relief devices, dehydrating breathers, oil level indicatorsthrerdontrol<?

Figure2. CoreTypelLarge Power Transformer Showing Major Internal Components

)

4
A5

[

01l
conservator

Windings and
core

Radiator and
fan

S
|

Sour ceFifilLliegaui RloweABBTr ansf or mer s, 0
http://www05.abb.com/global/scot/scot252.nsf/veritydisplay/299a52373c3fd0e6c12578be003a476f/Sfile/pptr  mywithb
en.pdfaccesseilarch 31, 2014

Power transformer costs and pricingywhy manufactter, market condition, and location of the
manufacturing facility.In 2010, the approximate cost of an LPT with an MVA rating between

75 MVA and 500 MVA was estimated to range fromm#lion to $7.5 million in the United
States; however, these estimatese Free on Board (FOB) factory costs, exclusive of
transportation, installation, and other associated expenses, which generallypadce?io 30
percent to the total cost (see Tab)é*Raw materials, particularly copper aglectrical steel

“AlLarge Power Transformers from Korea,5 USITC,
“ABenefits of Using Mobile Transformers and Mob
Department of Energy, 2006.

% ASpecial Rport: Spare Equipment Database SysiwiERC, October 2011

Publ i cat
il e Sub:
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are a significantactor inpower transformeprices. Transportation is alssm important element
of the total LPT cost because an LPT can weigh as mu¢hGaons 820,000poundg(lb)) and
often requires longlistance transport.

Table2. Estimated Magnitudelafrge Power Transforméns2011

Voltage Rating Capability Approximate Approximate Weight
(Primary-Secondary) MVA Rating Price and Dimensions

Transmission Transformer
Three Phase

230i 115kV 300 $2.000,000 1702523/5[ z(%zt?égf?g Ib)

0 | saoooe0 | Slens C00D

o | srseeom | *0ne@0g0m
Single Phase

76571 345kV 500 $4,500,000 235 tons (470,000 Ib)

40ft Wi 30ft Li 40ft H
Generator Step-Up Transformer
Three Phase

- 110 tons (220,000 Ib
115i 13.8kV 75 $1,000,000  tons (220,000 [b)
5 185 tons (370,000 Ib
345-i 13.8kV 300 $2,500,000  tons (370,000 1)
Single Phase
. 225 tons (450,000 Ib
3457 22kV 300 $3,000,000  tons (450,000 Ib)
7651 26KV 500 $5,000,000 325 tons (650,000 Ib)

33ft Wi 25ft Li 40ft H

Note: Prices are FOB factory and do not include taxes, transportation, special features and accessoriascspaitiadtiesting (sho
insulating oil, field installation, and/or optional Beetitaelnstalled cost estimated be abou?5percento30 percent higher.

SourcefBpecial Report: Spare Equipment DatabasedSER€P011 ssefootnotel 7.

LPTsrequiresubstantial capital armlong-lead time (in excess &fx months)to manufacture,
and itsproduction requires large crane capacities, ample floor spacadaqdateesting and
drying equipmentThe following section provides further discussions omtieeuction
processes and requiremeotd PTs including transportation and key raw commiusdit

3. LARGE POWER TRANSFORMER PROCUREMENT AND
M ANUFACTURING PROCESS

3.1 Overview
This section provides an overview of key steps in the procurement and manufacturing process of
an LPT, including bidding, production, and transportation. This overview is thewéalby a
discussion of key raw materiélslectrical steel and copg@ewhich are integral to LPTs. The
several distinct steps and proceduesswell as the estimated lead time for each step required in
power transformer manufacturing and procurenena llustrated in Figure 3.
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Figure3. Large Power Transfornf¥pocuremenrocess anéstimated.ead Time

Contract
Requestfor SubmitBid Negotiation/

Proposal Technical
b Specification ’

zniy ez ~2months ~1-2 months ~1-2 months
Transportation
& Site Set-up ‘
~Fewweeks . Purchase ~ 2-4 months
to months* ﬁ Frotisio) Materials
~ Fewdays to weeks ~ 2-4 months ~2-4 months

NoteThis figure illustrates an optimal flow of the manufacturing process and the estimated lead time, which can exten
estimated time frame shown.

* Variable depending on distance and logistical issues.
Source: USITC and industry estimate.

3.1.1 Prequalification of Manufacturers
As discussed in Sectid) LPTs arecustommadeequipment thaincurssignificant capitatoss.
Utilities generally procure LPTs through a competitive bidding proaesghich all interested
producers must prequalify to leéigible to bid.Prequalification is a lengthy process that can take
severalyears®* A typical qualification process includes an audit of production and quality
processes, verification of certain International OrganizdtoStandardizatiofiSO)
certifications,andinspection othe manufacturing environmenthis process can often be
rigorous and costly to purchasers; however, it is an importantseayusehe manufacturing
environment and capabiligansignificantly affecthereliability of the produt especially of
high-voltagepowertransformers?®

3.1.2 Bidding Process
A standardidding process is initiated by a purchaser, who sends commercial specifications to
gualified LPT producersThe producers theatesign LPTs to meet the specifications, estimate
the cost, and submit a bid to the purchaser. The bids not only inclupeviieetransformeybut
also services such as transportatinstallation,andwarranties® Except for a few
municipalities, most U&. utilities do noannounce the amount of the winning bidloe identity
of the winning bidderThe winning bidder is notified, aridd termsnormally require that the
results be kept confidentiay all parties involved’

24 Conference Hearing for Investigation No.7BA-1189, In the Matter of Large Power Transformers from Korea,

USITC, August 4, 2011,
http://www.usitc.gov/trade_remedy/731_ad_701_cvd/investigations/2011/large_power_transformers/preliminary/P
DF/Conference%20084-2011.pdf(accessed March 26, 2014).

“HlLarge Power Transformers from Korea, o USITC, Publicat
% bid., p. V-I.

2" Conference Hearing for Investigation No.7BA-1189, USITC, August 4, 2011, pp. 1336.
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3.1.3 Production
The typical manudcturing process of an LPT consists of the following stéps:

1. Engineering and designLPT design is complex, balancitige costs of raw materials
(copper, steel, and cooling oil), electrical losses, manufacturing labor hours, plant
capability constraits, and shipping constrais.

2. Core building: The ore is the most critical component of an L®hich requiresa
highly-trained andkilled workforce and cokldolled, grainoriented (CRGO) laminated
electrical steel

3. Windings production and assembly othe core and windings: Windings are
predominantly coppeand have an insulating material

4. Drying operations: Excess moisture must be removed from the core and windings
becausenoisture can degrade the dielectric strength of the insulation.

5. Tank production: A tankmust be completed before the winding and core assembly
finish the drying phase so that the core and winditogsot start to reabsorb moisture.

6. Final assembly of the LPT:The final assembly must be done in a clean environment
even a tiny amount of dust proisture can deteriorate the performance of an.LPT

7. Testing: Testing is performed to ensure the accuracy of voltage ratios, verify power
ratings, and determine electrical impedances.

In the manufacturing procesgrtainparts can be produceither athe transformer plant or at
another vendor or subsidiary location, depeg@dn how vertically integrated the particular plant
is andwhether the plant habe necessanpols and capabilitiegs well agor economic

reasons’

3.1.4 Lead Time
In 2010, theaveigel ead t i me b et Wd erder aad the datetobdalieersiigsed
from five to 12 months for domestic producers andsik6é monthdor producers outside the
United State€® The LPT market is characterized asyalical market with a correlatiobetween
volume, lead timeand price In other words, the average lead tioa® increase when the
demand is high, up to 18 to 24 monthghis lead time could extend beyond 20 months and up
to five years in extreme cases if the manufacturedtfsulty obtaining any key inputs, such as
bushings and other key raw materials, or if considerable new engineering is.ffetded
industry source noted thhigh-voltage HV) bushings often have a long lead tiragtending up
to five months. Another industrsource added that HV bushings are usually customized for each
power transformer and there are limited bushing manufacturers in the United States.
Manufacturers mustlsosecure supplies of specific raw mater@aotherwiseheycould endure
an extendedelad time*®

Once completedy power transformer is disassembled for transport, including the removal of oil,
radiators, bushings, convertors, arrestang] so forth The proper transportation apower

BALarge Power Transformers f r Septeniber 20dlgappd|-10S1 TC, Publ i ca't
9 Conference Hearing for Investigation No.7BA-1189, USITC, August 4, 2011, p. 95.
30 i
Ibid., p. II-7.
31 SPX TransformeSBolutions Analyst Day Presentation, September 11, 2012.
32 |Industry source estimate.
¥HlLarge PowemeTsafsom Korea, o USITC, Publication 4256,
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transformeiand its key parts is critical to ensig the high reliability of the product and
minimizing the periodor onsite installation.

3.1.5 Transportation
Transporting an LPT is challengiddts large dimensions arfteavyweight posainique
requirements to ensure safe and efficient transportafioment oad, rail and port conditions
are such that transpationis taking more timandbecoming morexpeasive®* Although rail
transport is most common, LPTs cannot be transferrednaveral railcars, because they cannot
be rolled down a hill obumped intaother rail cars, which can damage goevertransformer.

This is because the heaviest load a railrnadnally carries is aboutL00 tons, 0200,0001b,
whereas aLPT can weight twado
three times thaamount®

Figured. Transport of Large Power Transformers

A specialized railroad freight car
known as the Schnabel railcar is use
to transport extremely heavy loads af
accommodate height via railways
Figure 4 shows LPTs being
transported on the road and on a
Schnabel caiThereare a limited
number of Schnabel cars available
worldwide,with only about 30 of
them in North Americd® Certain _
manufacturers operate a Schnabel c3 o
rental program and charge upto | NOIOrers move s, g poletsransport 3 pover
$2’5_(_)0 per day for th_e rental in Source: Pittsburgh Live News, December 2011.

addition to other applicable feds.

Access tarailroad is also becoming | \

an issue in certain areas due to the
closure, damage, or removalrafl
lines A Germanmachine called the
Goldhofer, whichilooks like a
caterpillar with 144 tires and features|
hydraulic systemto handle thdeaw
weight, is another mode of
transportation used on the ro¥d.

Note: Schnabel @ansportiran LPT.
Source: ABB

3 Siemens, Transformer Lifecycle Manageméitip://www.energy.siemens.com/mx/pool/hg/services/pewer

transmissiordistribution/transformelifecycle-management/TLM_EN_.pdaccessed March 26, 2014).
% Conference Hearing for Investigation No.7BA-1189, USITC, August 4, 2011, p. 100.

®ALarge Howensformer and Schnabel Rail Car, 0 Business a
Readiness, Prdecisional Draft for Official Use Only.
YARailcar rental program for power transformer relocat.i

http://wwwO05.abb.com/global/scot/scot252.nsf/veritydisplay/36bcc4el173d5¢1558525760b00711641/$file/1zul0046
05-300_railcar_r4.pdfaccessed March 26024).

¥Clark, Cammy, fiMassive transformer makes |l ong voyage
Miami Herald,http://www.miamiherald.com/2012/06/06/2878497/mas$iaasformemakes

long.html#storylink=cpyaccessed April 1, 2014).
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When an LPT is transported on the road, it requires obtaining special permits and routes from the
department of transportation of each state on the route of the LPT being transported.ng§ccordi

to an industry source, obtaining these special permits can require an inspection of various
infrastructure (e.g., bridges), which can add delay. In addition, transporting LPTs on the road
can require temporary road closures due to traffic issues,llaasagenumber of crew and police
officers to coordinate logistics and redirect traffic. The transport modular shdvigure 4is 70

feet longwith 12 axles and 192 wheels, and occupislanes of traffic

Logistics and transportatiorc@ountedor approximately thre@ercento 20 percent of the total
costof an LPT for both domestic and international produdewhile important, this is less
significant than the cost of raw materials and the potential sourcing concerns surrounding them.
The next setton describes some of the issues concerning raw materials vital to LPT
manufacturing.

3.2 Raw Materials Used in Large Power Transformers
The main raw materialseeded to builgpowertransformes are copper conductors, silicon
iron/steel, oil, and insulation materials. The cogheseraw materials is significant, accounting
for well over 50 percent of the total cost of a typicall. Specifically manufactureshave
estimated thaihe cost ofaw materials accounted for pércento 67 percent of thital cost of
LPTs sold in the bited Statesbetween 2008 and 20fDOf the total material cosabout 18
percento 27 percent waforcopper and 2percento 24 percent was for electrical stéeFor
this reason, this section examines the issues surrounding the supply chain and price variability of
the two key raw materials used in LBTsopper and electrical steel.

3.2.1 Electrical Steel and Large Power Transformers
The electrical steel used in poviensformer manufacture isspecialty steel tailored to produce
certain magnetic properti@snd high permeabilityA special type of steel calledbtd-rolled
grain-orientedelectricalsteel( her ei naft er r ef entakesupthacseofi el ect r i
power transformer. Electrical steeltie most criticatomponent thabas the greatest impact on
the performance of the powansformerbecause it is designedpoovide low core loss and
high permeabilitywhich areessential to efficient and ecamical power transformers.

Electrical steels produced in different levels of magnetic permeability: conventionahiyd,
permeability.Conventionaproducts are available warious gradeffom M2 through NG, with
thickness and energy losgreasing with each higher numigsee Figure 5§ HighZ
permeability product allows a transformer to operate at a higheirof flux densit§ than
conventionaproducts thus permitting a transformer to be smadled have lower operating

39 ~

iLarge Power Transformers from Korea,-band8&nliniGtry Publ i cat
source estimate.

“Olbid.

“bid., p. VI-1.

“AGr@®rnented Electrical Steel from China, Czech Republ i

USITC, Publication 4439, November 2018tp://www.usitc.gov/pblications/701_731/pub4439.pdaccessed
March 25, 2014).

“AFl ux densi ty othegommember bfimggneticelihes of ®rcetper unit grea., the density of
magnetic lines of force, or magnetic flux lines, passing through a speeiéiy @ource: Ibid.
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losses™ The quality of electrical steel is measured in terms of loss of electrical cifosving

in the coreln generalcore loses are measured in watts per kilogram (W/kg), and the thinner
themateria) thebetterthe quality*> An industry source noted thanelectrical steel grade of M3
or better is typically used in LPTs to minimize core loss.

The quality or degree of loss thatisceptablean vary depending on the primary use of the
power transforméy whether it is located on a sitleatcarries a moderata heavy load. In other
words, the grade of electrical steel used@power transformer core varies dependimghow
highly the utility values lossé§.Recently due to environmental protectioaquirementsenergy
savingsandminimizing core loss ipower tansformers aredzoming important

Figure Spresent thaverage annual prices of graonented electrical steel in thenited States

between 2006 and 2011. The average annual prices of electrical steel ranged from $1.20 to $2.20
per pound betwee2006 and 2011, with peak prices occurring in 2008. According to an industry
source, lte price of electrical steel has been recorded as high as $2.80 pe(lphuksla

reference, approximately 170,000 to 220,000flbore steeis neededn apowertransformer

with a capacity rating betwe@®0and 500 MVA?’

Figureb. Average Annual Prices of Gi@iented Electrical Steel in the United States From 2006 t(
$2.50

$2.00

$1.50

$/lb

$1.00

$0.50

S-

2006 2007 2008 2009 2010 2011
SourceDOE EERE, 2013; see footnote 48.

As shown in figure Sthe prices oklectricalsteel have been volatile oveettime period from
2006 to 200&nd have generally declined from their 2008 hidlese trendsan be attributed
to the followingfactors?

“AGr@®rnented Electrical Steel from China, Czech Republ |
USITC, Publication 4439, November 2013.
S bid.

“® Conference Hearing for Investigation No.7BA-1189, USITC, August 4, 2011, p79

“" Estimates provided by an industry source.

“AAppendi x 3A. Cor e TeBhnieabSuppditeDodureent: EAargy EfficiericysProgram for

Consumer Products and Commerci al and I ndustrial Equi pm
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1 The continued increase in glolw@mand for grain oriented electrical steel, particularly in
China and India;

1 Higher raw material prices to the core steel manufacturers (e.g., iron ore, coking coal,
scrap steel) and higher processing energy costs;

1 The low value of the U.S. dollathglow value increases the cost of imported steel and
encourages domestic suppliers to export); and

1 The onset of the global economic recessionfarahcial meltdown in late 2008

3.2.2 Global Electrical Steel Suppliers
The availability ofelectrical steesupply sarces worldwide is limited. In 2013, there were only
two domestic producedsAK Steel and Allegheny Ludlumn addition to the twalomestic
producerstherewere eleven major international companies produgiragn oriented electrical
steel. However, only Emited number of producers worldwide are capable of produtiag
high-permeability stedhat isgenerally used in LPT core&K Steel is theonly domestic
producer othehigh-permeability, domakrefined (lasesscribed) core steel used in high
efficiency stacked cores.

Figure 6representglectrical steel production by country in 2009, as well as the names of

producers from each country. I n 2009, Chin

worl dos el ectrical st e sumeddonegicalyaCorversely, yapanm f
produced 14 percent of the worl ddéds el ectri
U.S. producers accounted for 14 percent of

Figure6. World Installed ProductionElectricalSteelin 2009

Brazil,Czech U.K. Poland Country Company Name
Republic 3% 2% Baosteel Group Corporation
Germany,. 4% i Wuhan Iron and Steel Compan: SCC
France, India

China|ArcelorMittal and Hunan Valin Steel

8% Group (Joint Venture)

Angang Steel
South Korea Allegheny Ludlum (ATI)
8% i U-S-[AK Steel
o 2009 Total Production = S S?e To -
L & eel Corporation
2.9 million metric tons Japan 4

Nippon Steel Corporation (NSC)
Russia|Novolipetsk Steel (NLMK)
The Pohang Iron and Steel Company
South Korea (POSCO)
Germany, | Thyssen Krupp Electrical Steel (TKS)
France, India
Brazil, Czech |ArcelorMittal

Russia
12%

Republic
Japan U.K.|Orb (Tata Steel, Cogent Power)
14%, Poland | Stalprodukt S A.

Source: DOE EERE, 2013; see footnote 48.

According to the USITC, in 2012, a total of 1.5 million metric tons of electrical steel were
exported around the world, and exports from tlv@entrie® Japan, Russia, and South Kdiea

Efficiency & Renewable Energy (EERE), DOE, April 2013,
https://wwwl.eere.energy.gov/buildings/appliance standards/commercial/pdfeftragr preanalysis app3a.pdf
(accessed December 30, 2013).
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accounted for more than half of that total (see Figufé Rjhile China was the largest producer
of electrical steel, it contributed only two percent of the total global export in 2012. Japan was
thelargestexporte of electrical steel with 27 percent, followed by Russia and Korea, each
exporting 15ercentand 10 percent of total global electrical steel in 2012, respectively. See
fAppendix B Global Electrical Steel Manufacturer Profilefor additional informatia on the
electrical steel producers.

Figure?. GlobalExportsof Electrical Steel byeRortingCountriesin 2012
All Others, 22%

= . Total Export in 2012 =

@ 1.5 million metric tons

Japan, 27%

Poland, 5%

France, 6%

Germany, 6% Russia, 15%

United States,
8%

Korea, 10%
Source: USITC, 2013.

3.2.3 Variability of Commodity Prices
Since 2004,heglobal commoditymarket has experiencgdice fluctuatiors for both steel and
copper, driven up largely by the demand from emerging econoffiegjobal consumptiorof
these metals is expected to continue to rise in the next decade as supply conditions tighten,
leading to increased worries albdlie future price movemenf these key commoditie¥he
average price of copper more than quadrupled between 2003 and 2013, costing more than $4.27
perpound by 2011 (see Figurg. 8Vhile the price of steel shown in this figure does not present
the eledtical steel used to manufacture LPTs, it does shed some light on the volatility of steel
commodity prices worldwide.

In 2012, Chinawas the singléargestbuyer of steein the world, consumingiore thar5

percentot h e wiotal $tedl@asumptionf 1,413million metric tonsthat year’ Although
Chinabés primary need for st eelsasigaificanllemantde cons
for power transmission infrastructu@hingd and Indi@ s d sforataet] includingigh-

efficiency, gramn-oriented steelareexpected to continue tffect theavailability and price of

steeland coppeto the rest of the world!

9 ATechnical Support Document: Energy Efficiency Program for Consumer Products and Commercial and

I ndustrial Equi pment Distribution Transformers, o EERE,
PAWorld Stez2013n0 FWgsodiaton,t e e |
http://www.worldsteel.org/dms/internetDocumentList/bookshop/\ASiektin-Figures
2013/document/World%20Steel%20in%20Figures%20201 gqudessed April 9, 2014).

*1 Technical Support Document: Energy Efficiency Program for Consumer Products and Commercial and Industrial
Equi pment Distribution Transformers, o EERE, DOE, April
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Figure8. Historical Copper and Steel Price Variabilagn20000 2013

Source: Bloomberg,£201
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Faced with the price volatility of raw materiasd increasdglobal demand foLPTs in recent

yearst h e

sourcing analyst from a major U.S. electric utjlidyprocrement strateggompanies &

increasinglyusingismu | t i year

Abstanketwhigclkeemeay I

i npracwemenytéastsaverevampedheir sourcingstrategiesAccording to a

ock in

points for power transformeréBlanket agreements are lotgym alliancedetween an investor
owned utility and @pecificLPT supplier the utility selects and locks in with one manufacturer
to provide it with LPTdor a period ottwo to five yearsThese greementdenefitthe utility
because once it provides specifications and buypowertransformer from the supplier,
addiional LPTs can be produced and shipped more rapidly. Although industry executives
suggest that sales based on these alliances account for a significant share of LPT sales in the
United States, the actual percentage of sales based on these agreemevasablet

4. POWER INFRASTRUCTURE INVESTMENT TRENDS

4.1

Global Power Generation Capacity

In 2013, the world had more than five trillion watts of power generation capacity, which was

growing at an annual rate tvfo percent. Chinand the United States had the largest generation
capacity, with each holding about gércenta n d
capacity, respectiveR/

52Schumacherd ud s o n ,

ABuyi ng

20

Transfor mers, o

percent

http://tdworld.com/business/power_buying_transform@st¢essed March 26, 2014).

“AlLarge

Power

Transf
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4 #2013 International Energy Outlo@d,).S. Energy Information AdministratiofE[A),
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of

Transmi ssi on

Uusi TC,

t he

worl d

& Di

Publ i cat

15


http://tdworld.com/business/power_buying_transformers/
http://www.eia.gov/forecasts/ieo/ieo_tables.cfm

Large Power Transformers and the U.S. Electric Grid

According to the U.S. Energy Information AdministratioéEIA) 2013International Enegy

Outlook the world will add 2,84@igawatts GW) of new capacity by 2040, a majority of which

will be installed in norOECD (Organization for Economic Cooperation and Development
countries®Chi nadés generating capac iotinyately threefpercetc ast e
annually through 2040, while théS. capacity is expected to rise at approximately one percent

annualy during the same period (see Figuré®.y 2040, Chinaés installe
capacity will surpass that of the UnitechSt e s and wi | | hold a quarter
capacity of 8,254 GW, becoming the worldbés | a
general rulethe addition oklectricity generation capacity spurs investment in not only power
generation infrastrcture but also in transmission infrastructure, including transmission line

equipment and power transformers, which are necessary to transmit power from generators to

end users.

Figure9. Global Installed Power Generation Capacity From 20@8 to 20

2005 2913 2030 Percentas Share| annual Growtl
Region/Country | of World Total Rato
2005 2013( 2040 (2010-2040)
Total OECD 58% | 51% | 39% 1%
United States] 24% | 20% | 15% 1%

Total Non-OECD | 42% | 49% | 59% 2%

Ching 13%| 21% | 27% 3%

Total World
[ilj crina Capacity (GW)

. Rest of Non-OECD Countries

4,112 5.413| 8,254 2%
USA

Rest of OECD Countries

Sourcef20B International Enef@ytioofU.S. Energy Information Administiatiy?01..

Similar to EIA, te International Energy Agengys (2018 WQrld Energy Outlookorecasted

that the increase in nepower generation capacity the next two decades would atributed to
nonOECD countries, with China in the lead. IEA projected that China and India together would
build al most 40 percent of tnth2035mherdagied percene w c a
of capacity additions in the OECD would replace retired plants (see Figuteld@ther words,
while the infrastructure investment needs in developing countries (e.g., China and India) were
mainly attributed to new generatioapacity additions, the key catalyst for power infrastructure
investment in developed countries (e.g., United States) was the replacement market for aging
infrastructure. In addition to aging infrastructure, the United Stateaeed for transmission
expansion and upgrade to accommodate new generation connections and maintain electric
reliability.

®*The EI Ads 2011 | EO data are divided according to Orgat
members (OECD) and nonmembers (@BCD). The 34 OECD member countries as of March 2014 are listed
here:http://www.oecd.org/about/membersandpartnersfistdmembercountries.htn{accessed January 3, 2014).

%2013 International Energy OutlogkgIA.

*" #2013 World Energy Outlook,International Energy Agency, Nember 12, 2013,
http://www.worldenergyoutlook.org/media/weowebsite/2013/LondonNovemberl@pcdssed January 8, 2014).
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FigurelQ Power Generation Capacity Additions and Retirements Between 2013 and 2035

i
///////////////% B Net additions

% Retirements

United States

European Union
Japan
China ////%

India

Middle East
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GW

Source: 2013 World Energy Outlook, trtatiatergy Agency, November 2013.

4.2 Transmission Infrastructure Investment in the United States
According to analyses by the Edison Electric Institute (B&hHe U.S.power industryeverse
adownward trend in transmission investmaenthe late 199QsThe uncertainty about the nature
and extent of power industry restructurimad triggered a decline in transmission investment in
the 1980s and the 1990s. During this periodagdsant investmerni transmission
infrastructure, the electricloadonthaN i onds gr i d °Midisresultechimn doubl e
increasingransmission congestion certain regionsThelong-term trend ofleclinng
transmission investmebetween the 1970s and the 1990s recovandtie late 1990snd
transmission investmegrewat a 12 percent annual ratetween 1999 and 2003Reliability
and generation interconneatioeeds were viewed as the main reasonsoeasing
transmission investmenits the United States during this period
Figure 11 represents theS.transmission inv@ment forecast through 2015, basedDrE(E | 6 s
projected capital expenditure growtites applied to the 2009 U.S. total investment |ered,
(2) estimated investment requiremeassociated with transmission ciremile additionsdata
fromNERC.®!

*8 The EEl is an association of U.S. shaneler-owned electric power companies. Its members serve 95 percent of

the ultimate customers in the shareholdened segment of the industry and represent approximately 70 percent of

the U.S. electric power industry. Skep://www.eei.org/Pages/default.asfaccessed December 1, 2013).

®Campbell, Richard J., fRegul atdigpsiuesemnidvE€®stoCoBlec:
Congressional Research Service, October 28, 2011,
http://www.ieeeusa.org/policy/eyeonwashington/2011/documents/electratacpdésed March 26, 2014).

®9EEI Survey of Transmission Investment, EEI, May 2005,
http://www.eei.org/ourissues/ElectricityTransmission/Documents/Trans_Survey Wédrpeésed March 26,

2014).

“AEmpl oyment and Economic Bereflintve sdfmehrnansamithei dn Sl n far
(Working Group for Investment in Reliable and Economic Electric Systems) In Conjunction with The Brattle

Group, May 2011http://www.wiresgroup.com/images/Bratti&/IRES Jobs_Study May2011.p@fccessed

December 1, 2013).
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Figurell Estimated Historical and Projected Transmission InvesinteatUnited Statésom 2001
to 2015

($Millions [Real $2011])
16,000 15,152

13,973
14,000 13,075
12,424
12,000 11,070
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9,460
10,000 8627 8876
7,822
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514 6,
5821 5966
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Note: The HanWhitman Index of Public Utility Construction Costs usetttoahdjwsistment for inflation from year to y¢
Forecasted investment data are adjusted for inflation using the GDP Deflator.

*Pl anned tot al industry expenditures are prel igsfonna
Capital Budget and Forecast Survey. Actual expeomdi
the FERC Form 1 reports.

Source: Edison Electric Institute, Business Information Group

NERC data indicatéthat 22,669 circuitniles of transmission linesauld be added between
2011 and 2015, and that 67 percent of those would be in®€B¥.average, tnannual
transmission investmentas forecasted tcange from $1dillion to $16 billion between 2013
and 2A5. The cost of power transformers accounts fopé&écent tb0 percendf the total
transmission capital expenditurdiserestis attributed to the transmission line equipmeng
conductors, towers, poles, eté®)Given the developing investmentamerall transmission
infrastructure, the following section provides a market overview and investment fahedase
specific to power transformers

5. POWER TRANSFORMER M ARKET ASSESSMENT

Theglobal power transformenarket isa welkmatured on@lthough tlere are some research and
development effortg high-temperaturesuperconductor transformers and solid state
transformersAnalystshavereported that for most d¢fie 1990s, powdransformer pricesere
depressed artthatthe relationship between saleue and sales volume remained fairly
constanf* However starting in 2002this situatiorwasreversed due to volatile rasommodity

%2 |bid.

%3 EEI Survey of Transmission Investment, EEI, May 2005.

“AWorld Transformer Markets 2002 to 2012, 0 aptbul don Rep
2009, http://www.leonardeenergy.org/sites/leonareemergy/files/root/pdf/2009/2009051afomarket. pdf

(accessed March 26, 2014).
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prices, unprecedented market demand,thadationalization of manufacturing bas®
Particularly, a sudden rise in thest of raw materials had a significant impact on the price of
power transformers.

According to recent industry analysése global power transformer market grevaaompound
annual growth rate (CAGR) of about 13 perceoirf 2000 to 2009, reaching@al revenueof
$11 billion in 2009° The global transformer market is forecasted to continue to dewsiegthe
next several yearéccording to amarket reporteleased in 2013héglobal power transformer
market was valued &17 billionin 2012andis expectedo reach 29 billion by 2019, growing
at a CAGR okightpercent from 2013 to 209 A different sourcelsoestimated thglobal
transformer market to grow at a CAGReifhtpercenthrough 2026 another estimated that
the globalelectricitytransformer marketncluding distribution transformera/ould reach $54
billion (almost 10 millionunits) by 2017°°

Key drivers for future transformer market development include an increaketricitydemand
in developing countries, replacemenibotd electric power equipmeirt matured economies, and
a boost for higkvoltage power transformers and capital expenditutkepower sector
worldwide. In addition, thadoptionof energyefficiency standards in developed markstsch

as Europe and tHénited Statesas well asn emerging marketsuch asChinaand Indiaare
expected to creaedemand for new, more efficient electricity equipment, inclugioger
transformers?

The remainder of this section discusseskiyesuppliers of LPTghe current condition of the
LPT market in the United Statemmdthe domestienanufacturing capacity arstoricalimports
of LPTs.In addition,aro v e r v i e w power tr@nisformaemdustry, including demand,
manufacturingcapacity, and key manufactuseis provided infiAppendixE. PowerTransformer
Industryin China 0

5.1 Key Global Suppliers of Power Transformers
The global powetransformemarkethas beemneof fluidity and constant adaptation,
characterized by a myriad of consolidations, new players, and power shifts throughout the last
few decades. Due to tlmea r k shiftiig s1ature, the latest statistfcs market share by
manufacturer are unavailablgure 12 provides a list of key power transformer manufacturers
in North America in 2012, including new domestic manufacturers.

%% bid.
®FPower Transformers Market Ahtit@a/Iwwyve. drtislesnateh.cAni/ Atlle/Powe® | o b a |
TransformerdMarketAnalysisTo-2020/1861724(accessed March 26, 2014).

“APower Tr ans fGabahladusry AMalysi Site, Share, Growth, Trends and Forecastj 2013

2019, 0 enhay MarketfRaseangc November2, 2013,
http://www.prweb.com/releases/2013/11/prweb11294070¢atressed December 12, 2013).

®APower Transformers Market Analysis to 2020, 06 Global
A Gl okbelctricity Transformers Market To Reach US$53. 6
Analysts, October 12, 201fttp://tdworld.com/business/globabnsformemmarket-1011/(accessed March 26,

2014).

0 Global Industry Analysts, October 12, 2011.
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Figurel2 PrimanSuppliers ot.argePower Transformens 2022

Large-Power Transformer Suppliers
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In 2011, key manufacturers and analysts reported that ABB, Siemens, and Alstom Gtltewere
dominant suppliers of power transfagrs worldwide but indicated that emerging players also

had a formidable presence in the global marketplasecording to company reports, ABB had

20 transformer manufacturing plants worldwide in 2011, while Siemens and Alstom Grid had 21

and 13, respectaty.’? In terms of annual production capacity, ABB and Alstom Grid each had
approximately 20,000 MVA and 130,000 MVAof annual production capacity, respectivély.

Al stom Griddés production capacity reflects th
a recent acquisition of AREVAG6s transmission

5.1.1 Consolidation of Power EquipmentManufacturers
Over the pastew decadesthe power equipmenndustry hasvitnessed a series of mergers and
acquisitions (M&A) and consolidation of operations tmoee excess capacind moveheir
operations offshordueled bydramatic rurups in commodity metals pricds. doing so, the
firms also took advantagof lower labor costs in certain countries and their rapidly growing
domestic electricity demandiable5 is a summary athe globalM&A activities among power
equipment manufacturers thave takemplace since the 1980s.

Thesemergers haveeduced theumber of firms competing in the global market, and through

them, strongerampaniehave emergedith fincreased size, economies of scale, wider product

ranges and enhanced financial strengtjwho benefit] from havingreateraccess to markets

andhi gher bargaining power as a r¢esult of combi

"Gl obal I ndustry Analysts, Inc., October 5, 2011; f@AShart
2011, Sept. 5, 2007.

2 ABB: http://www.eyeproject.cl/files/94151d_ABBR-31-TrafoStarFlipChart12Reasons.gdiemens:
http://www.energy.siemens.com.cn/CN/powerTransmission/Transformers/Documents/TR%20China%?20catalog_E
N_2010.pdf Alstom Grid:http://www.alstom.com/grid/newandevents/presseleases/upgraegrojectat-Alstom
Grid-s-Rockleafactory/(all accessed December 3, 2013).

3 Alstom Grid: http://www.alstom.com/grid/solutions/higfoltage powerproducts/electricabowertransformers/
(accessed December 3, 201S)emens does not disclose its total annual production capacity; however, it has an
annual manufactung capacity of 70,000 MVA in China.

" BFinal Report on the Indian Capital Goods Industhitp://dhi.nic.in/indian_capital_goods_industry.pdf

(accessed December 14, 2013).
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Table3. KeylInternationaMergers and Acquisitions of Power Equipment Industry From 1980 to 2010

5.2

The United States s

1980s
A GEC (UK) + Alcatel (France) = GEC Alstom
A ASEA (Sweden) + BBC (Switzerland) = ABB
A ABB (Switzerland): Acquired 39 companies, plus power transmission
and distribution (T&D) business of Westinghouse Electric Corporation
to become a technology leader in T&D business

1990s

A In 1998, Siemens (Germany) acquired:
0 Westinghouseds fossil power pl ¢
o Voithés (Germany) Hydro divisic
o Parsonds Power Engineering (UK)

Babcock Borsig Power took over B&W (Spain)
GE Hydro (Canada) bought Kvaerner (Norway)
GEC Alstom + ABB = ABB-Alstom Power (AAP)
Early 2000s

Alstom( Fr ance) bought
GE (USA) acquired EGT (France)
Siemens AGt ook over Al stomds i
AREVA (France) acquired Alstom T&D business

Hitachi (Japan) took over the assets of insolvent Babcock Borsig
JAEPS (Japan) created a joint venture among Hitachi, Fuji and
Meidensha

20051 2010

A 2005: Crompton Greaves (India) acquired Pauwels (Belgium)
A 2005: Siemenst ook over VA Techdés (Aust
A 2008: ABB acquired Kulman Electric (US)
A 2010: Alstomt ook over AREVAG6s transmis
Schneider took over AREVAO6s di stri buti on
Sources: 1988arly 2000&ttp://dhi.nic.in/indian_capital goods_industry.pdf
For 20082010:
1 Crompton Greavie#p://www.cgglobal.com/pdfs/aepoat/ AR _8%.pdf
Siemensttp://tdworld.com/news/Sieividigchtakeover/
1  ABBhttp://tdworld.com/business/abb_acquire_kuhlman_electric/
1  Alstom/Schneidettp://ww\arevad.com/
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U.S.Power Transformer Market Overview
one of t he

market value ofmore tharf1 billion in 2010, or almost 20 percent of the global market. The
United States alstiolds the largest installed base of LPTs in the waskingcertain analysis
and modelingools, various sources estimatat the numbeof EHV LPTs in theUnited States
to be approximatel@,000”> While the estimated total number of LPTs (capacity rating of 100

MVA and above) installed in the United States is unavailable, it could be in the range of tens of

> fBenefits ¢ Using Mobile Transformers and Mobile Substations for Rapidly Restoring Electrical SeVBE,
August 2006. This DOE source provides an estimated voltage range of an LPT 2851\ and the estimated

w o powedrdransfdrraers gvithsan estimeatedk e t s

MV A.
Pul

power rangeas 20@ , 200
El ectromagnetic

i R e pgon To AssEss thenTéareaCto tmentUnited States from
se (EMP) Attack, 0 EMP Commi ssion, A

http://www.empcommission.org/docs/A24EMP_Commissios? MB.pdf (accessed January 3, 2014). Kappenman,

John, fiGeomagnetic

Storms and Their | mpacts on the U.S.

Laboratory, January 201Bttp://www.fas.org/irp/epritigeomag.pdfaccessed January 3, 2014).
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thousands, including LPTs that are located in medroftage transmission lines with apiry
voltage rating of 115 kV.

Figure 13 represents the historical annual installment of LPTs in the United States, not including
replacement demand. As illustrated in Figure 13, a large volume of LPTs were installed in the
United States between the 19%0&l 1970s. Although investment remained low in the 1990s, the
need for LPTs has been growing steadily since 1999. Despreasingdemand for power
transformers, the United States has a limited domestic capacity to produce LPTs.

Figurell Yearlyinstallment ofarge Power Transformers in timitdd States From 1948 to 2006
(Power transformers withpacity rating greater than or equal to 100 MVA)

D | I|I|||u il | llllll
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Steam Turbine ®Gas Turbine ®Combined Cycle MTransmission
Note: Figuredludes LPTs witbapacityatingyreater than or equal@ MVAand excludes replacement demand.
SourceEIA;SPX Electrical Products Gilday 2010.

In 2010, thdJ.S.demand for LPTs was 127,309 Myvalued amore thar$1 billion.”® Only 15
percent of the Nationds demand, or (@oespcer cent
production.Note, however, that the data shown in Table 4 includes production capacibeand

actual production of power transformers watleapacityrating of60 MVA and abovewhich is

different from the definition of LPd@ capacity rating of greater than or equal to 100 M\VA

used throughout threport. Although the exact figures are unavailable, sources have indicated

that the U.S. dependence on immwmtirces would be much greater than 85 percent for EHV

LPTs with a voltage rating of 345 kV and above. This is dubatmited manufacturing

capacity that existed in the United States prior to 2010, which is further discussed in the next
section.

As acomparison, Figure 14 provides the estimated market size and production of power
transformers in the United States and China in 2010. Different parameters are used to define
power transformefs a capacity rating of 60 MVA and above for the United Statdsaaroltage

“HLarge Power Transformers from Korea, o USITC, Publicat
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rating of 220 kV and above for ChidWhile attributes may vary, the comparison shows the

distinct characteristics of thetwomarkets he U. S. 6 h e av ynanudtiured nce on
power transformers and Chicapaditysin 200althaughthed d o me s
estimated market size for the two countries were comparatiie range of 120,000 MVA and

150,000 MVA, the actual productioof power transformers the United States was less than

one fifth that of Chinads.

Tabled. Summary athe PowerTransformer Market (60 MVA +) in the United States in 2010
Market Share by Quantity Market Share by Value

Quantity (MVA) Percent (%) Value (1,000 dollars) Percent (%)
United States 19,279 15% $213,070 19%
All Import Sources 108,030 85% $911,863 81%
Total 127,309 100% $1,124,933 100%

Note: This analysis inclyaeger transforreavitha capacityatinggreater than or equal to 60 MVA.
Source: iLarge Power Baptembst®ld.r mer s from Korea, 6 USI TC,

Figurel4 Estimated Power Transformer Markets: United States in@Rib@

Note: Different criteria used for the United States and China. For the United States, powea trapatityatnsgrétter than
or egal to 60 MVA are included in the data; for China, power transfovoltxgeaithggreater than or equal to 220 kV are
included in the data.

Sources: USITC, 2011; China Transformer Net, 2010; China's Power Transformer Industry Report, Reuters, 2011

In terms of manufacturing base in 20%®, domestionanufactures accounted foall power
transformers produced in the United States, whereae thar80 power transformer
manufacturers existed in China. Tieéal annual production capacityof the six domestic
factorieswasapproximately 50,00MVA in 2010, far below the U.S. market demand1&f7,309
MVA for that year. On the contrary, China displayed acattained LPT market in which the

"Figure 14 was derived from the USITC6s Publication 42!
defined an LPT as a power transformer véitepacityratinggr eat er t han or equal to 60 M\
was derived from an industry analysisreported in Reuters, which described used transformersawitiitage

rating of220 kV and above to describe the markédre recent data is not available.

"81n this paper, the term annual production capacity represents the capability of a manufaptardude

transformers of all types and sizes, ranging from small to large, in an annual basis.
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